ABSTRACT. It is estimated that 60% of anticancer drugs are derived directly or indirectly from medicinal plants. Schinus terebinthifolius Raddi (Anacardiaceae) is traditionally used in Brazilian medicine to treat inflammation, ulcers, and tumors. Because of the need to identify new antimutagenic agents and to determine their mechanism of action, this study evaluated the chemopreventive activity of the methanolic extract from leaves of S. terebinthifolius (MEST) in Allium cepa cells and in Swiss mice analyzing different protocols of MEST in association with DNA-damaging agents. The antigenotoxic and antimutagenic aspects in peripheral blood were evaluated using the comet and micronucleus assays, respectively. The percentage of damage reduction was used to compare the A. cepa and mice results. Our results showed for the first time that MEST can act as a chemopreventive compound that promotes cellular genome integrity by desmutagenic and bioantimutagenic activities in vegetal and animal models. This finding may therefore have therapeutic applications that can indirectly correlate to the prevention and/or treatment of the degenerative diseases such as cancer.
INTRODUCTION
Schinus terebinthifolius Raddi (Anacardiaceae), popularly known as aroeirinha, aroeira-vermelha, or Brazilian pepper, is a native plant from South America that can be found in different states of Brazil (Corrêa, 1974) . In folk medicine, it is used to treat wounds and ulcers of skin and mucous membranes, tumors, diarrhea, arthritis, and infections of the urinary and respiratory systems (Morton, 1978) . Some studies have shown that the medicinal properties of S. terebinthifolius are related to the high content of phenolic derivatives such as gallic acid, methyl gallate, tannins, and flavonoids that are responsible for S. terebinthifolius antioxidant and antitumor activities (Queires et al., 2006; Ceruks et al., 2007; de Mesquita et al., 2009; Santana et al., 2012) . Moreover, S. terebinthifolius was included in Brazilian Pharmacopeia (Brandão et al., 2006) .
It is well established in the literature that an increased cancer occurrence may be correlated with an increased frequency of DNA damage resulting from human exposure to xenobiotic agents. In general, DNA lesions can be (I) genotoxic, which refers to predominantly molecular damage such as double-strand breaks, crosslinks, base excision, and alkalilabile lesions that can be corrected by intracellular repair; or (II) mutagenic, which refers to irreversible damage that settles permanently in DNA derived from molecular changes such as clastogenic or aneugenic lesions (Dearfield et al., 2002; Lucio Neto, 2011) . In this sense, identifying antimutagenic compounds capable of favoring the intracellular mechanisms of repair and decreasing the frequency of mutations are of great value to protect future generations from diseases.
Medicinal plants are important antimutagenic and chemopreventive agents capable of preventing and/or repairing genomic changes (Malini et al., 2010; de Carvalho et al., 2011) . It is estimated that 60% of anticancer drugs are derived directly or indirectly from medicinal plants ( WHO, 2011) , which explains the large amount of research that aims to evaluate biological activities that demonstrate the balance and equilibrium of natural defenses through the action of antioxidants in modulating genomic repair (de Mesquita et al., 2009; Malini et al., 2010) . Thus, this study aimed to evaluate the effects of the methanolic extract from leaves of S. terebinthifolius (MEST) in the prevention and/or repair of genotoxic and mutagenic lesions as well as describe the mechanisms of action of MEST in Allium cepa and Swiss mice and compare the two biological models.
MATERIAL AND METHODS

Plant material and extract
The leaves of S. terebinthifolius were collected in Dourados, Mato Grosso do Sul State, Brazil in March 2012. A voucher specimen was identified by Maria do Carmo Vieira and deposited (No. 4602) in the herbarium of Universidade Federal da Grande Dourados (UFGD). The dried and ground leaves (480 g) were subjected to exhaustive maceration in 95% methanol at room temperature. The solvent was evaporated in vacuo on a rotary evaporator and lyophilized. This procedure resulted in a methanolic extract (38 g) with a greenish color.
The MEST was diluted in 1% methanol in water and used at concentrations of 16.8, 33.6, and 50.4 mg/L for Allium cepa studies. This assay was used to screen for mutagenic activity and antimutagenic activity and to describe the extract antimutagenic mode of action. Based on our results, an appropriate dose for the animal model (mice) was determined. Thus, the exposed mice group received 16.8 mg/kg MEST diluted in 1% methanol by gavage.
Determination of total phenols
In order to determine the total phenols of the MEST, the method of Folin-Ciocalteu was used (Meda et al., 2005) . To each 100 µL sample, 1.5 mL 2% aqueous sodium carbonate, 0.5 mL of Folin-Ciocalteu reagent (1:10 v/v), and 1 mL distilled water were added and reacted for 30 min. The samples were analyzed by a spectrophotometer at a wavelength of 760 nm. The same procedure was used to analyze blank, substituting 100 µL sample per 100 µL methanol (Djeridane et al., 2006) . To calculate the concentration of phenols, an analytical curve was prepared (1.0, 5.0, 10.0, 15.0, 30.0, and 40 .0 µg) using gallic acid as a standard, and the absorbance of each standard was read. The experimental procedure was performed with the same standard that was used for samples. With these data, linear regression was performed and the equation of the line was obtained using the data from the real samples. The results were expressed as mg gallic acid equivalent per g extract. The equation for the gallic acid curve was y = 6.5277x + 0.0618, with a correlation coefficient of R = 0.9985. All tests were performed in triplicate.
Determination of total flavonoids
To determine the level of flavonoids, 500 µL sample was mixed with 1.50 mL 95% ethanol, 0.10 mL 10% aluminum chloride (AlCl 3 x 6H 2 O), 0.10 mL 1 M sodium acetate (Na-C 2 H 3 O 2 x 3H 2 O), and 2.80 mL distilled water. The tubes were kept at room temperature for 40 min. The optical density was measured at 415 nm using a spectrophotometer. The same procedure was employed to analyze the blank (Lin and Tang, 2007) . To calculate the concentration of flavonoids, an analytical curve was prepared (2.5, 5.0, 10.0, 20.0, 25.0, 50.0, 100.0, and 125 .0 mg) using quercetin as the standard. The linear regression model was used to obtain the line equation. From these data, the experimental samples were calculated. The result was expressed in milligrams quercetin equivalents per gram extract. The equation of the quercetin curve was y = 613.177x + 0.0162, with a correlation coefficient of R = 0.9921. All tests were performed in triplicate.
DNA-damaging agents
We used methyl methanesulfonate (MMS) to induce DNA damage in meristematic cells of A. cepa. MMS is an alkylating agent with direct activity at a concentration of 10 mg/L (Sigma-Aldrich; CAS 66-27-3; 87596LJ, USA). However, in mice, cyclophosphamide (Fosfaseron, Filaxis, Lot: 06, 307 D, Brazil) , which is a chemotherapy drug, was used at the dose of 100 mg/kg body weight (bw), administered intraperitoneally (ip), and diluted in 0.9% saline solution.
Experimental design
A. cepa test
As reported in the literature, the A. cepa test consists of the analysis of the meristematic cells of A. cepa in order to identify chromosomal alterations (Fernandes et al., 2007; Leme and Marin-Morales, 2009 ). The biological assay was performed with seeds (Top Seed, Brazil) of A. cepa (2n = 16 chromosomes). The seeds were germinated and grown in Petri dishes lined with filter paper soaked in distilled water at room temperature (Fernandes et al., 2007) . The treatments to determine mutagenicity were negative control, positive control (MMS), and MEST.
To evaluate the antimutagenicity and to elucidate the mode of antimutagenic action, various treatment protocols were conducted using the DNA-damaging agent (MMS), which induces lesions such as breaks, bridges, and chromosome losses in the genetic material; these lesions are also expressed in the form of micronuclei (Rank and Nielsen, 1997; Oliveira et al., 2006) . Therefore, the following protocols were performed: pre-treatment to indicate preferentially desmutagenic action; simple simultaneous treatment to assess desmutagenic and biomutagenic activity; simultaneous treatment with pre-incubation for desmutagenic activity; and post-treatment to indicate biomutagenic action (Antunes and Araújo, 2000; Oliveira et al., 2006 Oliveira et al., , 2007 Malini et al., 2010) .
The treatments and protocols were conducted according Oliveira et al. (2006 Oliveira et al. ( , 2007 , with modifications ( Figure 1 ) as described. In the negative control, the seeds were grown for 24 h in distilled water and 96 h in 3 mL 1% methanol. In the positive control (MMS), the seeds were grown for 72 h in distilled water and 48 h in MMS aqueous solution. In the MEST condition, the seeds were grown for 24 h in distilled water and 96 h in MEST solutions at three different concentrations in independent experiments. In the pre-treatment condition, the seeds were grown in distilled water for 24 h and in MEST solution for 48 h; then, the seeds were rinsed in distilled water and germinated for an additional 48 h in aqueous MMS. In the simple simultaneous treatment, the seeds were grown in distilled water for 72 h and then in MEST and MMS solution; this protocol establishes the germination of seeds in the simultane-ous presence of the two compounds for a period of 48 h. In the simultaneous treatment with pre-incubation, the seeds were grown in distilled water for 72 h; after this period, the seeds were kept for another 48 h in the presence of MMS and MEST, which were previously incubated for 1 h at 37°C before being administered to the seeds, to evaluate desmutagenicity. In the post-treatment, the seeds were grown in distilled water for 24 h; after this period, the seeds were kept for another 48 h in aqueous MMS, rinsed in distilled water, and germinated for an additional 48 h in MEST solution. All treatments and protocols were performed in triplicate for the three different concentrations of MEST that were tested. After 120 h of cultivation and germination of A. cepa seeds, the roots were collected and prepared according to the protocol of Fernandes et al. (2007) . To obtain permanent slides, the slides were fully immersed in liquid nitrogen to remove the coverslip and dried at room temperature. A new cover slip was added over the biological material with the aid of synthetic resin (Permount ® ). After drying the material for 24 h, microscopic analyses were performed on a Physis EXP 100 microscope. In general, 15,000 cells were analyzed per treatment/protocol by light microscopy with a 40X objective. The mitotic index (MI) and the percentage of damage reduction (DR%) were calculated. In order to obtain the MI, the number of dividing cells (prophase, metaphase, anaphase, and telophase) was divided by the total number of cells analyzed.
Animal experiment
Thirty male Swiss mice (Mus musculus) at reproductive age with an average weight of 30 g, were obtained from the animal house of the Centro de Ciências Biológicas e da Saúde, Universidade Federal de Mato Grosso do Sul (CCBS/UFMS). The mice were divided into six groups (N = 5). They were housed in a standard animal facility under controlled temperature (22°C) and photoperiod (12 h light, 12 h dark) with access to water and rodent food ad libitum. All procedures and protocols followed approved guidelines for the ethical treatment of animals according to the Ethics Committee in Animal Experimentation from the Universidade Federal de Mato Grosso do Sul (Protocol No. 398/2012) .
The experimental tests were performed using the protocols of pre-treatment, simultaneous treatment, and post-treatment ( Figure 2 ) in relation to cyclophosphamide, which is an alkylating compound with an indirect action that is capable of establishing covalent bonds between base pairs of the DNA molecule and generating genotoxic damage and chromosomal instability (Ramadan et al., 2012) . The experimental groups were subjected to peripheral blood collection through the puncture of the tail vein for the genotoxicity and antigenotoxicity (comet assay) and for mutagenicity and antimutagenicity (micronucleus assay) evaluation. The blood samples were collected 24, 48, and 72 h after the last administration of test compounds and were designated T1, T2, and T3, respectively. T1 corresponds to the collection for comet and micronucleus assay, and T2 and T3 correspond to peripheral blood collected by the micronucleus assay.
The treatments and protocols were conducted according to Oliveira et al. (2009) with modifications, as described. In the negative control, the MEST vehicle (1% methanol, 0.1 mL/10 g bw via gavage) and cyclophosphamide vehicle (0.9% saline, 0.1 mL/10 g bw ip) were administered the first and second days of treatment. In the positive control, the mice were exposed to the same treatment as the negative control group; however, on the second day, the mice received cyclophosphamide at a dose of 100 mg/kg instead of saline. In the MEST condition, the mice were subjected to the same treatment as the negative control group, but the mice received 16.8 mg/kg MEST instead of 1% methanol on the second day. In the pretreatment group, the mice were subjected to the same treatment as the negative control group, but the mice received MEST at a concentration of 16.8 mg/kg instead of 1% methanol on the first day and 100 mg/kg cyclophosphamide instead of saline on the second day. In the simultaneous group, the mice were subjected to the same treatment as the negative control group; however, the mice received MEST at a concentration of 16.8 mg/kg instead of 1% methanol and 100 mg/kg cyclophosphamide instead of saline on the second day. In the post-treatment, the mice were subjected to the same treatment as the negative control group, but the mice received 100 mg/kg cyclophosphamide instead of saline on the first day and MEST at a concentration of 16.8 mg/kg instead of 1% methanol on the second day.
Seventy-two hours after the last administration of MEST and/or cyclophosphamide and after the blood sample collection at 24, 48, and 72 h, the mice were weighed and euthanized by cervical dislocation. Then, the spleen, kidneys, lungs, heart, and liver were collected and weighed.
Comet assay in peripheral blood
The comet assay in peripheral blood was used to evaluate genotoxicity and antigenotoxicity. It was performed according to Singh et al. (1988) with the modifications that were reported by Oliveira et al. (2009) . The cells were evaluated with a fluorescence microscope (Nikon) using a 40X objective, an excitation filter of 420-490 nm, and barrier filter of 520 nm. A total of 100 cells per treatment were analyzed, and the comets were classified as described by Kobayashi et al. (1995) .
Micronucleus assay in peripheral blood
In order to evaluate the mutagenicity and antimutagenicity in peripheral blood, the micronucleus assay was performed. The method that was described by Hayashi et al. (1990) and modified by Oliveira et al. (2009) was used in this experiment. A total of 2000 cells/mice were analyzed using an epifluorescence microscope (Bioval ® L-2000A) with a 40X objective using an excitation filter (490 nm) and a barrier filter (420-520 nm).
Calculating the DR%
The DR% by MEST of damage caused by the mutagenic and/or genotoxic agent was performed as suggested by Manoharan and Banerjee (1985) and Waters et al. (1990) 
Statistical analyses
Values are reported as means ± SE, and data were analyzed using one-way analysis of variance followed by the Tukey post-test using GraphPad Prism (version 3.02; Graph-Pad Software Inc., San Diego, CA, USA). The significance level was set at P < 0.05. A. cepa test Table 1 shows the results of mutagenicity and antimutagenicity obtained by the A. cepa test. The results indicate that MEST has no mutagenic activity; however, it demonstrates efficient antimutagenic action in the three concentrations that were tested. The most frequent chromosomal alterations caused by MMS that were observed in this study were micronuclei, segregation chromosomal delay, and chromosome bridges in anaphase and telophase. Regarding the MI, the values for negative and positive controls were 18.56 and 11.77, respectively. These results indicate that MMS developed its mutagenic activity without interrupting the cell cycle, and this characteristic is required to validate the proposed test for this research. For cells treated with MEST at concentrations of 16.8 and 50.4 mg/mL, the MI values were similar to that of the negative control, and the MI was higher at a MEST concentration of 33.6 mg/mL than in the negative control. The antimutagenicity analyses showed that the MI in all protocols and doses evaluated were higher than the positive control. This result shows that the tested doses could be used in antimutagenicity tests. Table 2 shows the mice bw and the absolute and relative weights of the heart, lung, liver, kidney, and spleen. The results demonstrate that biometric parameters were similar to the negative control, except that the spleen relative weight decreased in all cyclophosphamide-treated groups. MEST = methanolic extract of S. terebinthifolius leaves. SE = standard error. Different letters mean significant differences (statistical test: analysis of variance: ANOVA/Tukey; P < 0.05). Table 2 . Initial, final, and weight gain of the animals; absolute and relative weight of the organs of animals treated with Schinus terebinthifolius methanolic extract and/or cyclophosphamide (means ± SE). Table 3 presents the average frequency of damaged cells, the distribution of cells among the damage classes, scores, and DR% in DNA tests related to genotoxicity and antigenotoxicity in the different protocols that were evaluated. The results of the MEST group were similar to those of the negative control, demonstrating the absence of MEST genotoxic activity under the conditions that were studied. The antigenotoxicity evaluation showed damage reduction in all protocols analyzed; however, the post-treatment group had the highest DR%, with an average frequency of damaged cells (17.00 ± 9.66) that was similar to that of the negative control group (18.40 ± 3.42). Table 4 presents the total frequency, average frequency, and DR% for the micronucleus test in peripheral blood. The results indicate that MEST has no mutagenic activity at the dose that was tested. Regarding the antimutagenicity evaluation, MEST was effective in reducing the damage caused by cyclophosphamide, especially in the simultaneous and posttreatment groups, which expressed the highest DR% (82.53 and 95.78%, respectively). It is important to note that the DR% values increased over time (T1, T2, and T3) for all protocols analyzed, confirming the MEST efficiency as an antimutagenic agent.
Evaluation of Schinus terebinthifolius Raddi chemoprevention
Animal experiment
Comet assay in peripheral blood
Micronucleus assay in peripheral blood
DISCUSSION
A major concern regarding the use of medicinal plants has been whether they interact with genetic material (de Carvalho et al., 2003) . S. terebinthifolius is widely used in folk medicine to treat diseases such as ulcers, respiratory problems, wounds, rheumatism, gout, diarrhea, and tumors (Santana et al., 2012) . However, its chemopreventive activity has not been reported. The aim of this study was to evaluate the effects of the MEST in the prevention and/ or repair of genotoxic and mutagenic lesions, describe the mode of action of chemopreventive MEST in A. cepa and Swiss mice, and compare the two biological models.
The A. cepa test results showed that the lowest MEST concentration that was tested had the most effective chemopreventive activity with a dose-response correlation that was inversely proportional. This suggests that differences in the final balance of the concentrations of phytochemicals, pro-oxidants, and antioxidants in the different concentrations tested contributed to the indication of the lowest dose as the most efficient dose to prevent mutagenic damage. This hypothesis is strengthened by de Carvalho et al. (2003) and Varela-Barca et al. (2007) , who demonstrated that flavonoids such as quercetin and amentoflavone acted as prooxidant flavonoids at high concentrations, showing a genotoxic effect in the decoction of the stem bark of S. terebinthifolius in bacteria tests. Thus, in our study, higher concentrations of 17.00 ± 9.66 a 83.00 ± 9.66 b,c 17.00 ± 9.66 a 0.00 ± 0.00 a 0.00 ± 0.00 a 17.00 ± 9.66 a 102.69 DR% = damage reduction percentage; MEST = methanolic extract of Schinus terebinthifolius leaves. SE = standard error. Different letters mean significant differences (statistical test: analysis of variance: ANOVA/Tukey; P < 0.05). Table 3 . Mean frequency of lesioned cells ± SE, distribution among classes of damage and score related to genotoxicity and antigenotoxicity tests at the comet assay in peripheral blood of Swiss male mice. T1  T2  T3  T1  T2  T3  T1  T2 SE = standard error; T1, T2, T3 = collection time; Different letters mean significant differences (statistical test: analysis of variance = ANOVA/Tukey; P < 0.05). phenolic compounds such as quercetin and biflavonoids (Varela-Barca et al., 2007) that are present in higher MEST concentrations could have reduced the antioxidant action, conferring a decreased antimutagenic activity. Regarding the A. cepa MI, an increased tendency could be observed in the MEST treatment alone, as well as in the groups associated with MMS. According to Fiskesjö (1993) , an MI inhibition of 36% in A. cepa apical meristems against chemicals is considered normal, and values greater than 50% could be considered cytotoxic. However, it is important to note that the extract tested, instead of causing cytotoxicity in isolated meristematic cells or associated with the MMS, was effective in improving the MI, which shows an ability to modulate events to reduce the alkylating agent toxicity through direct inhibition, such as adsorption and/ or contributing to mechanisms of replication and DNA repair (Oliveira et al., 2006) .
Experimental group MN frequency Means ± SE DR%
The DR% results that were observed in A. cepa and mice showed the MEST antimutagenic and antigenotoxic activities for the two models, as well as its lack of toxicity, genotoxicity, and mutagenicity. Ramos Ruiz et al. (1996) also noted the absence of toxic and genotoxic effects for the hydroalcoholic extract of S. terebinthifolius leaves in an Aspergillus nidulans experimental model. Regarding the results of the different protocols that were examined, the MEST mode of action was chemopreventive, desmutagenic, and bioantimutagenic in A. cepa, and preferably bioantimutagenic in mice.
In general, there are two classes of protective substances against DNA damage: those with a desmutagenic mechanism and those with a bioantimutagenic mechanism (Kada et al., 1982) . Desmutagenic substances are able to block the action of DNA damage-inducing agents, mainly by their adsorption, acting preferentially in extracellular medium. On the other hand, bioantimutagenic agents are those capable of exerting their effect by preventing DNA lesions or promoting DNA repair, thus acting inside the cell (Kada and Shimoi, 1987) . The bioantimutagenic substances act as modulators of DNA replication and repair, stimulate error-free repair of DNA damage, or inhibit repair systems that are subject to error (De Flora 1998; Oliveira et al., 2006) .
The desmutagenic mode of action was assessed by the pre-treatment protocol (Antunes and Araújo, 2000) , and the DR% was lower in mice than in A. cepa. This difference could be because of variations in bioavailability, metabolism, and clearance of substances in the different models analyzed. In plants, the oxidase enzyme system is stimulated at lower concentrations than the mammalian cytochrome P450 system, and there is a limitation in its specificity to several substrates (Rank and Nielsen, 1997) . Taking this into account, A. cepa metabolism would require more time than mouse metabolism. Therefore, in the A. cepa pretreatment group, the MEST active compounds would be in the cytoplasm (Oliveira et al., 2007) at the time of MMS administration and would act directly on this compound, inactivating it by desmutagenesis.
In the A. cepa test, the desmutagenic mode of action was confirmed by the simultaneous treatment with the pre-incubation protocol, demonstrating the MEST efficiency in adsorbing and/or chemically inactivating the MMS. This protocol was not developed in mice because it was impossible to pre-incubate substances before administering them to the mice because of the different routes of administration of the MEST (oral) and cyclophosphamide (intraperitoneal).
To validate the MEST bioantimutagenic mode of action, we used the post-treatment protocol, which showed the highest rates of chemoprevention in both experimental models (A. cepa and mice). However, in the mice model, the antimutagenic action was superior to that observed in A. cepa, and the antigenotoxic action presented a DR% that was greater than 100%. This suggests that MEST was effective in reducing even the basal spontaneous damage that was observed in the negative control, where there was no prior exposure to genotoxic agents (Martins de Oliveira et al., 2002) .
As confirmation of the results that were obtained in protocols that were previously discussed, we used the simple simultaneous treatment, which allows the evaluation of the antimutagenic activity by both modes of action: desmutagenic and bioantimutagenic (Antunes and Araújo, 2000; Oliveira et al., 2006; Malini et al., 2010) . The results of simultaneous association suggest the MEST desmutagenesis and bioantimutagenesis efficiency for MMS in A. cepa and important bioantimutagenic activity, but smaller desmutagenic action, before the cyclophosphamide administration in mice. Thus, our study suggests that the co-administration of MEST and cyclophosphamide has pharmacokinetic interactions that potentiated the genotoxicity of cyclophosphamide, which contributed to the decrease in desmutagenic action.
According to the MEST phytochemical profile, the characteristics of concurrent treatment, MEST routes of administration, and cyclophosphamide, as well as the pre-mutagenic action of cyclophosphamide, compounds including tannins, quercetin, and biflavonoids that are present in MEST have induced hepatic metabolism (Oliveira and Dalla Costa, 2004) , which increased the rate of formation of active metabolites of cyclophosphamide and favored the occurrence of genotoxic effects. This hypothesis could be confirmed by the antigenotoxicity that was observed in the simultaneous protocol that presented a DR% of 22.61%, which was significantly lower than that in the other protocols. However, despite the decrease in antigenotoxic action in the simultaneous protocol in mice, the antimutagenic effects were maintained with high rates; this confirms the ability of the MEST to repair genotoxic damage throughout the cell cycle and confer decreased mutagenic damage that occurred by the bioantimutagenic action of MEST.
The micronucleus test in all treatment protocols presented an increasing pattern of DR% over 72 h of testing, with a trend of decreasing frequency of micronuclei over time. However, this same trend was not observed for the control and cyclophosphamide groups, where the frequency of micronuclei among T1, T2, and T3 samples was almost constant. This analysis minimizes the effects of metabolism and clearance of the alkylating agent in the decreased frequency of damage over time, and thus confirms the efficiency of MEST as an antimutagenic agent.
Comparing the chemopreventive action from the lowest concentration that was used in the A. cepa test (16.8 mg/L) and in mice (16.8 mg/kg) in the micronucleus assay, it is possible to verify the following according to the DR%: (I) 91.18% of concordance for the posttreatment between the two tests, (II) 99.43% of concordance for the simultaneous treatment protocol, and (III) 56.11% of concordance for the pretreatment protocol between A. cepa and mice. The mode of action was characterized in a similar manner in both proposed assays, which confirms the use of the A. cepa test to suitably screen mutagenicity and antimutagenicity and to describe the mode of action of natural products; this also shows concordance that was higher than 80% between the tests that were performed with A. cepa and rodents (mice), as suggested by Rank and Nielsen (1997) .
Considering the high value of total phenols and flavonoids that was found in MEST in this study and that S. terebinthifolius is essentially a tanniniferous plant, it is believed that these compounds and their derivatives (such as gallic acid) (Ceruks et al., 2007; Santana et al., 2012) have played an important antigenotoxic and antimutagenic role (Lira et al., 2008; Ben Sghaier et al., 2011; Santana et al., 2012) . These phytochemicals can act as inhibitors of chemical carcinogenesis processes through antioxidant, anti-inflammatory, antimutagenic, and antitumor mechanisms of action including neutralizing free radicals, sequestering metal ions, gene expression modulation, inhibition of oxidative enzymes, and stimulation of antioxidant enzymes (Degáspari and Waszczynskyj, 2004; Lira et al., 2008; Ben Sghaier et al., 2011) . Therefore, these biological activities confirm the desmutagenic and biomutagenic MEST mode of action that was observed in this study.
In conclusion, our results demonstrate the important chemopreventive activity of S. terebinthifolius, which is indirectly correlated with the prevention and/or treatment of degenerative diseases such as cancer. Our findings further indicate that S. terebinthifolius extract can prevent and/or repair the DNA damage that is caused by desmutagenesis and biomutagenesis and may therefore have therapeutic applications. This study also demonstrated that the A. cepa test is an important tool to screen and describe the antimutagenic mode of action of natural products. Currently, our research group is developing new phytochemical protocols to isolate the S. terebinthifolius compounds in order to test them individually to clarify the mechanisms of DNA interaction.
